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FOREWORD (1940 EDITION) 

1 tower for triangulation surveys has 
contributed t o w i d  marked economy antl eficiency of operation of the 
field units. A wooden tower 75 feet in height would cost about $120 
for lumber tdone and t&e :I crew of 6 men at leitst 3 days to erect. 
Altliough tlie initiiil cost o f  n strcl tower is higlier than the cost of 
ineterials for a wooden tower, the stcel structrira can be crcctetl in 
aboo t 5 horirs ant1 m t ~ y  be tlisrriimtlrtl antl useti tirno sntl time again, 
a charwteristic which does not pertain to tlie wooden tower. The 
steel towers lirive been built to a height of 156 fcct in 1 day’s time. 
To erect ~1 wootlcn tower to this height would t:Ae a t  least :L wcek 
with the usiial building ( w w .  

The portable stcel tower has been in use e:ic+h yeiLr sinw 1927. 
Its use has made it possible to  carry on triangulation in f l iLt  country 
cwveretl with high timber. Without it, control surveys in s r i c s l i  miintry 
would be extended by traverse, a more expensive operii tion t i n t 1  one 
not subject to the checks in resrilting diktii w1iic.h pertain to  
triangulation. 

Since the original edition of this publication rtppe.:iretl i n  1929, 
several minor rhanges have been made in tlie tlesigri of  the stcc.1 towcr. 
Descbriptions of‘ these changes are invorporntetl in the prcseii t tcst. 
J. S. Bilby, the author of the originid manuscript, rc.tiretl from the 
service of the Coast and Gcotletic: Survey in 1937 after 53 ycnrs of 
service. The present edition lias been reviscd by personnel i t t  t a c h 1  
to the Division of Geodesy, United States Coast and Goodetic Survey. 

The use of the portrLble s 
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BILBY STEEL TOWER FOR TRIANGULATION 

I%y .JASPER 8.  BILBY, Signalman (retired), linited Stafes Coast and Geodetic Survey  

PURPOSE OF TRIANGULATION TOWERS 

I n  many regions it is not possible to select stations for a scheme 
of triangulation and have the stations intervisible from the ground, 
tis trotis, builtlings,, and other objcbcts obstruct the line of vision h- 
twccn ntljaccnt points. On gcodchc s i i rv(y ,  covering wide c’spci i iscs  
of tcwitory, tlic curvntiiro of t l i c  earth must irlsn bc talccw into tic- 
count. Towvrs are, tlitwfore, noccsstLry to clcvute ahovc? intc~rvcning 
obstructions thc obscirvc>r arid his instrunic~nt tit 0 1 1 t h  station and tlic 
signal liimp or object on wliicli lie miLkcs his obscwations a t  the 
distant station. 

A coniplcte trirmguliLtion towcr is a combinn tion of $111 iniwr and 
an outer structure iriiitrinlly intic~~)c~ti(l(~~it; that is, thc two structurrs 
must riot touch a t  tiny point. Tlio service. rcqiiircd of a tower, whc.tt 
two observing particis tiro working a t  the same timch a t  diffrrent sta- 
tions in tlic snx i i~  figtire is, brirfly, t l i n t  the outchr structiircl must 
support tlic obsc.rvc.r arid the tcnt which protects him tind his instru- 
incwt from t l i o  sun untl wind and, a t  the stme time mid witliout intrr- 
fcwiicc wit81i thc. ohsorvcr or his worli, support a light kcvpc~r tind t l i c a  
Itimp or hdiotrope upon which the ot1ic.r ohsc.rvcir is sighting. Thc 
iiinvr stmcturo rr i i i s t  support tlio instrurnmt with siicli stability thnt, 
chsccpt in v ~ r y  strong ~ i n d s ,  its motion in  rrzirni~th will iicv(’r hc so 
r:q)id nor so grclti t us to affect scv3oiisl-y t lw nccurticy of tlic m(wwrcd 
tmglcs arid that its disturbnnce in lrvcll will n(vw be so irrcvgiilar 
as to inconvenience the observer by making frequent adjustments 
nccc~ssary. 

l’r(~vioiis to 1927 wooden structures wcr(’ uscd c~scliisivc~ly for 
triangult~tion tow(m, hut siiicc then tlic cost of l u i n h ~ r  and labor has 
bccoriie so high tis nlniost  to proliibit tlichir tis(’. (&IC iig. 1.) 

STEEL TOWERS 

nilring the winter of 1926 prchiinary spccificntions were pre- 
pared by tlie writcir for  11 stcd towcr that could rq)c>utcdly tw crcactcd, 
t tk rn  down, and niovcd by truck to a ri(’w sttktion. Ltitcr, h r b  t8001i 
tlici proliminrLry pltriis to tlic fwtory of tho Acrrnotor Co. in Cliictgo, 
wli(w, with t l i v  rricl of thcir dcisi wing cwginccrs and aftcbr scvcrnl 

crcbctcd. 
sntisficd to rnnl<c tlic stccl 

towvr n SIIW(~SS:  P’irst, t 1 i ~  t0wc.r nirist linvc> gwnt  rigitlity and stti- 
bility iigtiinst vi1)riLtion cind rigtiinst twist in  t u i i n u t l i ;  s ~ ~ o i i ~ l ,  tlic 

tclsts and motlifiotitioris, a cornp P cte tower WNS constructcd arid 

T h r w  ess(w t id rvqitircnicwts linvcb to 

1 







FIGUBE 3a.-C3round plans for 37, 50-, 64- ,77-,9@, and 103-foot Dilbysteel towers. 
248025”-40 (Face p. 2) No. 2 



Both inner and oritcr towers are threc-leggcd, as shown by figures 32% and 31) 
showing ground plan of tower at diffarent ticights. The outer tripod towcr is 
c11aiigc:d t o  hexagonal shape at scctioii C-C, as shown by sections A-A, B-B, 
and C-C. 

All material of ~ric:tal shall he of high-grade strrictural steel. All steel parts 
sliall be galvariizlctl iu accordaricc with the best practice after all machiriing and 
welding is comI)letcd, arid sliall not be su1)jcct t o  flaking. 

There must  be furriishcd with each tower a diagram showing the size aid 
the  factory numt)cr of each of the piccos of the structme, including bolts, anchors, 
platforrns, otc. 

The sectioiial lengths of the outer arid of the iriiicr towers must bc the w n e  
as shown on the attachcd drawing. The towers must be SO constructed that. 
0110 or more of the lowost sections can be omitted whcn the full height is not. 
need(:d. Holcs Innst be made in tlie tops of the anchor posts, as iiidicatud iii 
tlie sketch, in order t h a t  the tower may bc adjusted in hcight 011 the  aiichor 
posts. 

Laddrr steps must be of thc same type as shown 011 the blueprint, or of a 
type equally as strong. The steps will be u s r d  on one post of the inner tower 
a i d  one post of tho outer towcr, as shown on figlire 2. 

l%alids of paiiit, 8 to  10 i i i c h ~ s  in leiigth, must bc placod on all upright and 
diagoiial pieccs of the outer aiid itiiicr towers. Hlue paint will be uscd for the 
outctr towcr and rcd for the iriiier o i i c .  'l'his will make it cas.v to separate tlie 
pieces beloiigiiig to the  inlier aiiti outer structurc:s. l'he bnntls will be plsced at 
the top  ends of the sections of the  posts and near the left-hand end of the  tics 
arid diagorials, as viewed from outside the  tower. The siriall blueprint attached 
iidicatcs the  parts of the  iiicrritxrs which are t o  be banded. 

There must be furriishcd, with each tower, extra bolts to  the extent of 20 
pcrccbiit for each size and leiigtli of bolt used on thc  inner and outer structures. 
A l i k o  aniount of iiuts for those bolts shall also be furnished. 

Yor a, lo t  o f  10 o r  inore towers there should he 6 aiicliors for cach towcr and 
12 cbst,r:t anchors. 'l'he extra anchors are  t o  serve as replaccrrieiits and also arc 
fur use hy the  forward btiildiiig parties prior t o  the arrival at the statio11 of ttic 
towcr with the rogiiltir aiicliors. 

1 licre rnust be fiiriiished with each lot of towers 12 suitahlc end wrenches t o  
fit :ill bolts uiid nuts aiid also 3 good spike puiiches of  sufiicicrit Ierigtli aiid size 
to clear holes uiid to  spring IJarts togetlicr. 

The parts of thc  scverul tomcrs r r i ~ ~ s t  be i~itt:rcliaiigeubl~:. 

I. 

TESTS T O  BE MET BY COMPLETED TOWER 

l N N E l t  ~ ' I ' R U C l ' U I ~ E  

Horizontal displacement.-A liorizontiL1 pi111 of  400 pounds at top  of inner 
structure must not  displacc: the top by more than oric-hlf inch. 

Angular displacement.-A t:Liig(:nt'ial horizoiit,al prill o f  50 pounds :ippli(d :kt  
the  cori iw of the  top  of iiincr structure r u s t  not cause an ctrignlitr tiisplaceniciit 
of t l i ~  top of Inore thaii 1 iriiriritc of arc. This correspoiids t,o a, horizoiital dis- 
p I : ~ w i w i i t  of the corner of the structure with relatioil to  the ccril.t:r o f  about 
tM.0-1 IlcJlisalltlths of all irlcll. 

A t,wigc.ritiul horizonti i l  pull o f  50 pounds at tho corticr o f  thc iiiiicr st,riioturc 
23 fctst below the top  must not C:LIISC t i i i  aiigular dispbceulciit of tlic top of thc 
strric.t.riro o f  more than 50 scc.orids of arc. 

Vibration.-- -A  winti vcsloc.ity o f  20 niilw per hoiir  :~ver:i~cvl over 1- i i i in i i te  
i i t t ~ t w i i l v  d i d  not C:LIISC the top of thc  intior structiire to vibratc in uziiiiiith 
riiore 1.Iian 10 secorids o f  arc. 

Semipermanent change in azimuth.-Gusts of w i i i c l  o f  :I velocity :if 35 milcs 
per h o i i r  or l ( w  shii11 not caiise n sc!rrlii)cririaiiciit aliRular displaccii~crrt of 1. l ie  
top of  the inlier structure of xtiorc tliaii 2 s ~ e ~ ~ i d ~  of arc. 

OUTER STRUCTURE 

A horizontal pull o f  500 poiinds at cctitrr of  side of  outcbr strrictrirc at Iivight 
of floor platform, the pull  Ixtirig applioti tlirocigh t i  t)ridlc :it,t,acIic~l to two o f  the. 
main posts, iiiiist r i o t  displ:tco tho out.c:r structuro horizontally by more tlian 3 
iiic~hcs nor caiisc tho hickliiig of ttiiy mwiI)c:r. The saiiio pull upplicd tlo a coriiw 
post o f  t l i e  o u t w  sl,ructiir(: at thc I i o i ~ h t  of  platform rr i i i s t  r i o t  d,spinrr? t,he top 
of the. structure horizontally by inore than 5 iiichcs iior cause buckliiig of uiiy 
mcrriber. 



N a 7  1 1 6 ' i h w e r  

Ground F l o o r  Plan 
Scak  I Nxh = 2 f e d  

FIWRE 3b.-Ground plan for 116-foot Bllby steel tower. 



DETAILED DRAWING FOR RILRY STEEL TOWER 

Figure 2 gives detailed drawings for a 103-foot inner structure and 
n 113-foot outer structure, both of the tripod type. The drawings 
show one side of each structnrc and tlie manner in which the parts arc  
assembled and bolted together. Bolts are used tliroudioiit on both 
structures, except nt the top section of the inncr one, wliicli is welded 
:ind has  an adillstable ton seciiretl with V-bolt clamps, wliicli can be 
:rtljustccl to  " tlie pro& 
liciglit for the observer. 
One post of each structurc 
is fitted with strps. as 
shown in the drawing. Scc- 
tioiis A-B, €3-IJ, anti C-C 
show tlic design of tlie 
frnrric of the outer strric- 
ture for the observing tent 
rim1 the observer's pla tforni. 
Above this is the sripcr- 
striictiire on which the 1:mp 
is mounted. The scat for 
tlic liglitkeepcr is 2 feet 
below the top of tlie super- 
striic turc. 

Figure 4 shows n com- 
pleted trinnqulntion s ted 
tower, consisting of n n  inner 
arid outer tripod, scpnratc~tl 
from each otlicr so tha t  tlic 
iiiiicr one may not be aft'cct- 
cct by tlic observer's rnovo- 
nicnts. The hciglit of tlic 
inrirr tripod is 90 feet :ind of 
tlic outer one is I O 0  f w t .  
'l'lic total weight of tlic coni- 
plcte tower, including : i i i -  
cliorq and anchor sills, is 
5,270 poriutls. 'rlic lici~lit 
of t o w t k r  commonly in i i s c  i.: 
103 f w t  for the inncr striic- 
tiirc ni i t l  113 fwt for t l i p  
outer oiic, a tower of this 
Iicigli tJ weighing about 6,640 
] )O I I 1  1 (1 s. 

'J'owcrs have been tlc- 
sigiic~l for n mrisimiirii 
lioigl,t of 121) feet to  the top of t i w  iiiiicr strrictiirc :inti 1:(0 feet to t lw 
top of the oiitrr one. The licvi\y structrirnl nicrnbcrs in tlic bottom 
section of n tower of this hciglit make it n nry to use two trucks 
to trnnsport oiie tower bcc:irise of tlic ntltlctl wcig1,t. Also it is 
~ic~ccss:iry to hnvc an at1tlition:ll nir111 ntltlctl to the hriiltliiig pnrty 
hccnusc tlic bottom mcmbc~rs fire too licnvy for one r n t i i i  t o  h i i d l e .  
I'or tliesc rciisons tlic 129-foot striict lire is no lonqcr iisctl rii it l  tlic 

21502',~--10--2 



6 U. S. COAbT AXD GEODXTIC SURVEY 

maximum height of a tower is now 116 fwt to the top of tlic iiincr 
tower arid 126 feet to the top of the outer towcr. 

After a towm has bcen erected, i t  is somc1timc.s found that addi- 
tional lwight is n r d c d  to clcnr intcrvening obstructions. Supplc- 
rnentnl 10-foot vc>rtical extensions for both the outer atid inner towcars 
may then be insertcd in tho section immctliatcly below the obscmvr’s 
platform. As many as 4 or 5 of thcse supplcm(~ntrd swtions may 
I ) ( >  inserted in the structure t i t  this point. VVIicn scvt>rd of t h c w  
vxtcnsions arc inscrtctl, ~ t ~ ( b h  of the thrco logs of c w * h  tripod slioirld 
Iiav(t an individual griy wirc lrading from the uppcr p:wt of t l i c b  tower 
to a grou~id nric*\ior proprly plwcwl. 

Rftor thc erection of tlic tower i t  may I)(> foiiritl tlint onv of the 
tripod l ~ g s  of the outvr tower obstructs the line of sight from tlic 
instrumcbnt to a station hir ig  obscrvcd. To take (*arc of this condi- 
tion a swivc.1 swtion is providcd in tlie outer log which jwrmits a 
ratlial niovc~incnt of :3$; inchos. Each outer tripod Icg at tho scction 
atwtLm of tho instrurncrit tripod head litis this urmmgcmcint so thri t 
( v ( ~ i  if mort? than 0110 line of sight is obstructd,  the condition ctin be 
rcctificd. This swivcil section can wsily bc moved by loosening the 
bolts providd at tho uppcx and lower r i i i t l s  of this nicmbrr. 

At tlie Iricatl of the outer tripod a 7-gt~gca galvanizctl-iron phtc ,  15 
inchcs in diarnctrr with a hole oric.-foiirth inch in clinmc~tc~r a t  its CCII- 

tw, is provided to which the Sigrid lurnp is swurctl .  This plate is 
placctl on top of tlio 1iorizonttLl mt~mt)crs of the tripod and is sccurctl 
by bolts to a riarrow gnlvtinizcd c.hannol iron which is twlow tlic hori- 
zontd mcimhcm and which is brought up  tight agt~inst t l i c w e  mchmbers 
to form u rigid connwtion. Viiriorrs t d t  holrs in this plat(. permit of 
sufficient l a t c d  motion so that the. ccntrr c t ~ n  bt: placcd vvrtically 
: h v e  tho st:ition nitwk. 

Tho instruint1nt is placcd on an nliimiriiirn tripod platc wliic-h is 
set on top of tlic innor tripod hcutl and which is sclcriretl by bolts to 
+L similar plat c, plnwd undcrricnth the horizontal rncmhrs of tho tripod 
ticad. Threo rtditil grooves in the tripod p h t e  insure that whcn thc 
instrument support,s rchst thvrcin, the tlic~oclolitc~ is syrnmt~trically 
placed with rc.spcbct to  tho cc.ntc.r of the. p I t L t ( 1 .  Corisid(~ra1)lc latwal 
motion is provicl(4 for this plate so that it can t)c ccwtcrcd t l i rcdy 
over the station mark. 

Figures 3a and 3b show tlir ground j)ltiri for laying out tlic holes nnd 
setting tho anchors for towtm of diffrrcwt hvights. Tlic t o w r s  t i i ~ ?  
designed so that  from one to five of the low& scbctions may lw l ( b f t  
o u t  where i t  is not nwcsssry to erect the towclr to its frill height. 
The mcasurcmc.n ts given on thc? ground pl:~n corrvspontl with scx- 
tionnl mcasureinents on the tower. 
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WEIGHT OF MEMBERS IN BILBY STEEL TOWER 
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Weight of zrarious sections of outer loir,rr-Coiitinuc.d 

. . . . . . . . . .  

. .  
Xli7.8 _ 

. . ~  

........... 

I.'/. Il l .  
7 li 

1'1 !I 

33 I O  

21 I) 
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2 4  
...... 
. . . . .  
___. 
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13 CJ 
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25 4 
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.............. 

........... 
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..... 
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._ 
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........... 
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TOWER EXTENSION 
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i 
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Weight of vnrioirn ,sections oJ innw tower 
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[For barious J~e ig l~ t s  ~~icludinl:ohst.rver's dnd 11ql1tkeepi~'s pIaLfi)rm\ I ~ u t  nlJt inr4udlng t l i v  nut\ m i l  lmlt5] 

I'OIL I L ~  P 
25-foot to-tr _______..___ ___-. _.__ 1 ,  21.; 
77-foot tower- - _ _  . . . . . _  4 , 1 6 8  
90-foot tower- - - 5 ,  270 
103-foot toaer  - - 6, 640 
116-foot tower - - . .  ..-_ - .__. 8,247 
129-foot towcxr- - - . . _._._.__________-- 10,494 
Total wciglit of tower ovtcrisiori - - . - .__._._-_____-_-.._ 315 

ANCHORS 

Each anchor post is 5 frct long rivvtvd to a stwl footplatc in wliich 
are four holcs for bolting i t  to u woo(1c.n mudsill. Tlie wooclcn niud- 
sills are not suppli(1d by tho factory, but tinibvrs for tticm can be 
obtained a t  any lumber yard. Each mudsill should bo 3 inchcs thick, 
8 inchcbs widc, arid 3 feet long. The bolts should be put through from 
the uridcrsidc, with LL large washer under tho head of the bolt. The 
wooden mudsills should be made arid boltcd to tlic footplatcs before 
the towers are sent out to the stations arid nccd not bo tukcn off whon 
the towtm are takcn down arid movcd. Tho six crosspicv.w 2 by 10 by 
36 inchcs mentioned on pago 12 arc' d s o  curricd from station to 
station. 

ERECTING TOWER 

HOLEY FOR ANCHORS 

T11~ first stc.p is to trace tlic. oiitlinvs of the. liolrs for the anchors, as 
shown on the ground pltm, 1cigiirc.s 3 1 ~  mid 3b. A stakc with a nail in 
the top miLy bc uscd for a temporary station mark from which to 
locate thc holes. 
hiiildm's l(lv(4, and a stcd ttkpe for this work. Tho thc~otlolite shoultl 
hc. plumb(d ovw the tcmponiry station murk. Tlw angle rcwIings to 
t h o  ccntcrs of the three holw am Oo, 120°, mid 240°, rcbspcctivctly, anti 
the distanco from tho cc.ntcir stake to ciicli anrlior post is givm on (lie 
ground plan. In sctting the anchors tlic: iii(wur(monts givcm on the 
ground plan corrvsponding to tlie lic4ght of towc.r to be cwctcd shoiilci 
be u s t d  If possible, the oricvitution of the towcr should be such t h t  
110 line of sight from tho h w d  of the. irincir tripod will he obstructc~l by 
n Irg of the outcr structure. With thc. tiid of an azimuth cornpiLss ant1 
the progrctss skcltch the approxirnatc dirwtion of cwh line c m  bo dctcr- 
inincd iiritl  tho holw ciin be locntttd to givc bcst clmrunce for the 1iric.s. 
T l w  h o l ~ s  S ~ J O l l ~ d  br, about 3 fwt squtirc and 5 feet dccp. The bottoms 
o f  the liol(>s r i c w l  bc only approximtltc~ly on the s tme  lcv(4, as the di f -  
ftwnce in lcvcl can hc adjustcd by the bolt holcs in tho  tops of tlie 
nnchor posts. 

Chrc shoiild hr t akm to gct thtl innchr and outw toww anchor posts 
i i i  ulignmont with the station mark and to give cnch ariclior post t h  
S:LIII(' slant as tho corrc~sponding corncr post of the  towrr. 

I t  is convonitmt to us(' a sirid1 tliwtlolite (fig. 5 )  or  

SETTING ANCHORS 

The. lvgs of t h o  irinclr t o w c ~  liavv II tliffiwnt slope from the lrgs 
of thc outvr tower. T o  sctt thc rmchor posts a t  t h  corrclct distanc(t 
from the ccntcr stake arid at t h ( x  propcbr slnpc a frarno tcmplibtc is 
uscd. This consist9 of n 1 by 4 inch board long enough to roixch from 





outer anchor post against tha t  post at thc propor distnnct. from t h r  
coritcr for t l i c a  li(biglit of towcr which is being cwctcd, thcn the ariclior 
post ctin bc tdjust(d for slopo a n d  distance at the same time. Tlic. 
same procc’ss is uscd for the anclior post for tlic inncr towcr leg, using 
tlir otlicr slopc picw ant1 t h c k  c o r r c ~ t  distancc from tlic cc.ntc.r for tlic 
inncr toww as mtirktd on t hc Iiorizoritul pirce. Tho tompltitc~ should 

so constructed tliut thc foot of thc slopc pirco will rwch  to ap- 
proximutdy the. stirnc point on thv anchor post as tlic bottom of the. 
towrr leg. If this is  don^, it will not hc n(wssary to bcwd ttic hottorn 
of thc toww lvg to fit i t  onto tlic anchor post. 

If towers of 77 fwt, or lws, to the top of tlic innw tripod are built, 
n srcoritl ternplritc is rclqiiircd, since tlic lvgs of tliv outcbr towrr tiavc 
n tliffcrclnt slopc on thcl two 1owc.r swtions of thc 103-foot towvr from 
tha t  of tlir u p p r  sc.ctions. 

Wlirn tho anchors iirc put  in pl:~cc they must bc firmly scttlctl by 
using a heavy rain, tlicn by filling in dirt t~rid tamping wd l  to dcipth 
of about 1 inch abovc tlic nnclior tirnbcr. Then two planlts, 2 by 10 
by 36 inchrs, should bc placed crosswise on top of thci nnclior tinibc~rs, 
onc 011 (’t~cli sitlr of tlic stwl post. Tlic lower lidf of the hole can 
thm hc f i l l ~ d  in. Thcl dirt must bc wd l  tnrnpcd nncl spccitd cure 
must  be t a k m  tha t  no hrgc rock or sod forms a solid cqnnc.ction bc- 
twccn the inncr and oi1tc.r nnchor posts. A solid substrmcc hctwccn 
t,hc two anchors will trrzrisniit movcmrnts of ttici outer towcr to  thc 
inner one arid make accumtc obsclrvations impossible. 

LEVEI.INC TOWER 

After thc nncliors are sot arid holcs arc about half filled, a round 
of levc~ls should bc t:ilicbn to  dctc~rrnirw tlir placc on mch post at which 
( w h  log of tho 1owt.r towcr sciction should bc fastcwcd to  irisurc tliiit 
tlic towcr will hc pliirnb. As shown on thc working plans (fig. 2), 
tlic.re arc 14 bolt holcs 1 inch a p r t  in tllc iipprr end of cwrti anchor 
post. A bolt slioultl lw pl:iccd in n hol(1 of o r i ~  anchor post arid uscd 
for  a twncli mark. Tlir  instriirncw t should t l im tw lcvclctl o v ( ~  t tic 
ccvitc.r p g  a r i d  a l c v t h g  rod consisting of :I p i tw  of 1 by 4 inch 
honrd should br srt 011 thc bolt riritl ttic! Iwiglit of thv instruinchiit 
mrd<cd on it. JJy holding this rod twsidr mcli of tlici o thr r  posts ant1 
sl~drrig it i i p  or dowii iiritil thcl rntLrk is trg:iin nt tlic. Iic~iglit of t l i c b  
instrrinic~rit, thc bottom o f  t ti(. rod will show wliicli I i o l ( ~  is at tl ici  siiin(> 
Iiciglit :is tlic bolt in  ttic first post arid :L holt crin hc p1:~ccd i n  tliis hole. 
Tl ic  lower scction of tho towcr can t l i c b t i  b(> boltcd on, ctiro twiiic t:il<cm 
t o  iiw the propor liolc in  cbricli tirichor tis i r i t l ic~t td  by thc l(~vc~1.;. 

Tlic sinitll tlicwdolitc. i l s c d  for lovatiiig tlie rmchor liolcs can tle i iscd 
as n lcvc~ling iiistrurncrit t)y wttitig tho vcirticrrl circl(~ to  t l ic  rivitlirig 
corrrsporitling to  tho horizorittL1 position of thr t d ( w o p c  w i t l  tlicw 
bririgiiig tlic 1)uhble to  the ccntcr of t l i v  tribe by i r i w n s  o f  tlic vc~ri i icr  
slow-rnotiori scrow. 

ERECTION OF TRIPODS 

Both innrr arid oiitckr towcars arc’ h i l t  iip i n  srctioris of 13 frrt 
8 iriclim, which is tlic. lviigtli of o i i ( 1  picice of ( ~ i v l i  corrivr post. Tlic 
rncltribcm o f  th(1 iiiricsr mid oiitcr towcirs arc’ rnrirkcd witti p i i i t  o f  
coritrttstirig colors, ~ L S  tlwcrihcd on pigo 3.  H ~ l 1  swtiori 11zis two 
wts of horizoritd rncnibc~s arid otic svt of tliagolinl hrnrcs ns sliown 
on the working plan. Tho liorizoiitul rnt~rnbcrs tire (Soe fig. 2 . )  



I 

sp:icc\d 6 fwt 1 O inc1ic.s npnrt. 1‘igiirc.s 6 nnd T sliow the first, srction 
of t,ltc towrr cornplvtd nnt l  tlicl swoiid soction untlcr construction. 
‘I’hrw mcn work aloft and onc ninn on tlic groiiitd scbtitls thr picws up 
3s nrctlcd, using n single 6-itich hll-hcnring piillcy niid hnlf-inch rope. 
Aftor  tlic two lower srctioris nrc built, tlir intlivitlunl picccis nre scrit  
itp on n rope which pnsscs through the uppcr pullry nntl t h r  loose cntl 
of which is wound around n tl(>tnchnblo drum scciircd to  the rear 
whccl of n jncltrd-up truck. With this arrangement th r  hauling 11 p 
t:ii<cs very little timr compared t80 srnding thrsc pieces 111’ by ii:ln(l. 

The pirccs for thc corncr posts nrc s rn t  up first, picc,c. by piccc, n n d  
b o l t d  in place. Thrn one srt of liorizoiit,nl ties is scnt lip nnd boltctl 
on. Nrx t  tho dingonnl brncc.s nr(1 
s rn t  np. Thr 1owc.r critls arc 1 ) o l t t d  
to th r  cornrr post, nnci ncnr thr intclr- 
swtion of thc two tlingonnls tlicy n r ~  
boltcd to the horizontnl tic.. This 
complctcis thc lowcr part of tlic 
scction. T h m  tlic smal l  plntform 
a t  each corncr of thc  inncr towrr on 
which t,hr workmnn stands is plnccd 
in n corrcsponding position on tlw 
liorizontnl morn1)ers nhovc’. I h i n  
tlirrv thc top srt of horixontnls :Inti 
tlir top mtls of t l ic  di:igonnls arc’ 
bolted to  t,he cornrr posts nnd tlic 
plnt form is ngnin r:iiscd. 

Tlir inncr nncl outer towcrs nrc 
h i l t  up toget>hrr to  within on(’ nntl  
onr-half swtions of tho o1)swvf~r’s 
phiform. On n, OO-foot towrr this 
is to thc  t,op of the fifth sciction. 
‘ r h t  thc ontrr  towrr is compld (4, 
ir ic-lutl ing the ohs(brver’s plnt form. 
Tlir o1)scrvcr’s platform is in  t I i r c ~  
scic*tions nnd the crntrr  swtion is tlic 
first, to bc s r n t  nlofi. \Ylion tltv 
oiitcr towrr is cornplttcvl tlio lxiiiliiiji 
lincb is then tlroplwd down tliroiigli 
the w n t r r  and the block mnde f:ist 
to thc top of thc! olttcT towor. 

The two top scctions of the innrr I , ,  , , , I , 
tow\lcir n r ~  t l i c l r i  put  in plnc~l. 7‘1t(a ~ ; ! ; ; ; , ; ~ ; ~ ~ ~ ~ l l ~ r l  

w c ~ l t l v t l  IO-foot iipprr sclc‘tion of thc  
innw toww is, of conrs(~, nl\v:iys t t ~ n t i . ; p o r t t d  :iiid ( ~ t w t c ~ t l  as  a, unit. 
1 lw iic~st l o w c ~  sc r t i on  is also iisrinlly Iwpt 1 ) o l t c d  i o q ~ t l r c ~ i .  : i t id  is 

rr.tv~fo(I 11s n uni t .  1C:i~h is so tlwigncd n s  to pc\l.mit Iwiiig- Itoistc~d 
throiigh t l iv  insitlc of t l i ~  nc.stj lowcr scction. 

1 1  

CONSTRUCTION PLATFORMS 

Tlir s rnn l l  plntfornis ~ncntioncvl it1)ove nro of grc:it, irnportnncb?, foi. 
npon tlic propcr cvnstriiction nntl iiw of tlicsc plntf‘oimis tlr1)cntls tho 
snfcty of tltc iiicn working aloft. Three of tltcw tri:irigitl:>r pl:ii fortiis 
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are needed, one for ench of t,he inncr corners of the tower. They arc! 
about 24 inches on each sitle, with 2- by 2-inch cleat,s nailed on the 
undersitle to fit closely along theoritsitle of the horimntnl ties on which 
the platform rests. Each workman must be cautioned to  make certain 
tlitit the platform is serurcly in place before trusting his weight upon 
it.  I n  a strong wind the platform niny he lifted out of position without 
the workman noticing it. Untlcr contlitions of high winds n couple of 
strong spring clips slioultl be fnstcnctl to tlie undwsitlcof eachplatform 

i 

i 

in such position that bnc! mi l  
of cnch clip can bo slipptvl 
tini1i.r tho flange of t,ho hori- 
zon t>a.l stwl pi iw on which tlic 
plat form rmts to hold thc plat- 
form sc.crirc4y in position. 

MARKS FOR TRIANGULATION 
STATIONS 

Tho csscntiti.1 pwts of the 
sp:cifiantions for station mil  
rtifiwnce marks now in use are 
given below : 

Metal tablets.-Each station which 
1i:i.s txcn locat,ed wit,h first, second, or 
lliirtl ordor accuracy, shonld be 
1ti:irkcd by a st,andard tablet of 
c'ol)pcr alloy, so fastened in t,he rock 
or concrete as to elfect,ivrly rcsist 
vst mction, change of clevat.ion, or 
rohtion. (See fig. 11.) The tia~no 
of the  stakion aiiri tlie gc:ir cst,:il)- 
l i s h t r l  shoiild he st,anipetl upon t,hc 
mark,  profern1)l.v t)oforc it is set, in 
t,hc rock or coiicrc.tr. 

Setting of tablets.-Stations for 
horinont,:il corit ro l  rriiist, oftcn l)c 
1oc:ited whero tJhc prrtiianctit mark- 
ing of t,hcrn is diflicrilt8, mid for  t.li:it 
rc:rson a grmt, varic:t.y of srt,tirigx 
for the t,al)lcts rriiist be pcrniit,twl. 
'l'lic location o f  t.he stfation, drpt 1 1  
of Fo i l ,  or prrsrnrc of rock lcdgrs, 
rind tlic avail:il)ilit.y of rn:ilcrials \vi11 
Iwrially control tlie ctioiro of ttic 
inark t,o be nsrrl. rl'lic? prtca.iit ions 
t,o be t,akcn in cst,ahlisliine ctirli kind ~~ 

of mark are brirfly st,at.(;d hclow. 
takon t>hat the rock in  which IL ( I )  I n  rock oii tcro~i . -  

mark is set, is hard arid a detached fragnisnt. 

a tat)lc% is set  in a houldrr, t h e  latter shoiild be o f  
rliirahle metcri:il and of cross section, area, and dtrpth below thc surface riot 
less than  the  st,anrlard concrete mark as dt?scribed hrlow. 

(3) fn rock Zdges below s~rrJ'o.cr.-- Whcn the  lcdgc is only slightly t)clow the stir- 
face, a tablr t  s($ i n  t h e  usiial manner  in the  Itdgc will bo siiflicicrit,, providorl two 
rcfwcncc marks arc cstahlislietl. 'CZ.lirre t,he lodge is so far l)(!low the. siirf:rce that, 
:I surface mark is required, a t,ahl(~t o r  copprr t ) o I t  shorild bo svt, i n  tlic: I(~tlgr,tlir 
Iedgc cvvcfiitlp briislicrl or wwlirt l  (,IT for a space at 1r:ist 18 inches in di:iriiet,t.r, 
a n d  ti coiiorotc: snrtacc: mark placed above the  ,siitwurf:ice ni:irk. A t:it)lrt shoiild 



I)c stt i t i  t,lic surface riiark directly over lhr sut)siirfnrc t,nt)let or holt,. If t,he rock 
lctlgc in which the siibsurfnce ni:trk is set, is very sniooth, it should t)c fnrrowed 
witti :i chisel to  afford l)c~t,trr arirtioragc for t l i o  conc'rct,c. 

(4) I n  concielr-((a) I\'hnpe.-'l'tie rii:irk should tx citlhrr n frus1,uin of :I cone 
or of  :I pyr:tniitt, or have the  form of a post with an enlarged h:ise. If of mmniid:il 
or coiiical f o r m  tlic sides slioiild ii:tve 
Whcri a post, with an enlarged hnsr is 
4 inches larger in least horixoiit,al 
dirnoiision t>tinn t,hc post, propcar n~itl  
slioii lt!  have a vrrt,ical t hickiicw o f  at, 
Icnst 6 inches. I f  t,hc concrete is cast 
i r i  place t,he cnl:trged base c:tn ra.sily 
he providrt! for t).y enlarging the hot,t.oiri 
of t.lie holc at t,lie sitlcs wit,ti t,tic diggw. 
p:xt rrnie care shorild I)c used t'o a\,oitl 
In:tkirig t,lie mark wit,li a mtislirootri 
t,op or with projrcting corners nc:ir t h c .  
siirface, which woiild provide IrvcLr:igc' 
poiiit,s for frost, action and woi~ltl ~iialitt 
e:R.sicr t h e  malicious dest,ruct>ion of 1 , l i v  
mark. 

( h )  Rizr  nn,d drpth,.-'l'hc coricrrtci 
post, sliotild cs t rnd to a drpt,li of frorii 
30 t,o 36 inches, drpciidirig upon t l i c  
kind of soil. It, s l io i i l ( !  t)c not, lt!sx ~ > I I : I , I I  
14 incfies in diaiwlcr, escrpt ttiitt t I i v  
iippcr 12 inches nitty he in t,lic stinlw 
o f  a friist,iim of a eonc or pyrami(1 \vit,li 
t Iio iipper surface not lrss t,h:i.ii 12 
inches in dianic%rr. Whrre tlic ni:irk 
is not, in the  pat 11 of f,r:tflic or in soil 
silhjcct, t,o cult~iv:itiorr, it, s l i o i i l d  rxtoiitl 
frorri 2 t.o 4 inrlics al)ovc t l i c  siirfnrc.. 
If loratrtl wlicre t8raflic pn.ssrs over i t  
t,ho t,op o f  t,lic mark should be slightly 
below 1110 slitfare. 

I k f o r c ?  svircliiig the t,owrrs oiit, at, t.tiv 
hcginriiiig of a s~n.son a set, of foriiis 
shonld he mntlo for t,hr stai.iori t i r i t l  
rrferencc iiinrks n.nd srtit, oiit, \vit,li w r l i  
t,owcr. l$'licn t,li(: to1vc.r is t,n.ktvi d o ~ v i i  
arid movctl, t,he roiic'w1.c in 1 I i o  iii:i,rks 
n r i l l  he srt, arid the  forms c:iti t)c t , : i k ( t t i  
off n.nd srnt, forwtrd ni1 .h  t,lic io\vvr so 
n,s t.o be ready for iise n.t tlic iicis14 st:i,t,ioii. 
I f  enre is taken in removing t,lio forill., 
t.licy can be u s t d  diiririg ni i  riit.irc1 
sc:/son's work. 'l'lic 111111lirr for a sct 
of forms rost,s $1.75, arid it. rcqriirw 
oiic tiour for olio ninn to rrin.kc O I I C  svt 
of forms. While t.his is a snirill i t r i r i ,  
it, will s.inoiiiit, to  at)oiit $f;0 pvr r i i o r i t 1 1 .  
aside from t l i o  t,iine .savrrl iii goiiig nl't,cIr 
Iunihrr, arid is wc~ll wort,h coiisi(lrriiig. 

a tmttc\r o f  at. least, I inrh i 0  I foot. .  
us rd  the t)ott.orn of t.hc hase should Iw 



roncrrtc atid filled i n  around the out,sic!c with dirt taniprd firmly. The frnnic IS 
tlirn filled with coricrctc lcvcl with it’s t,op a n d  a stantlard tablct station tii:trk 
(fig. 11) is srt in t,hc ccntw of the  coricrrte, with the top of the tnl)lct sliglrt,ly 
dcprcsscd. The tatdrt must be cent,crcd cxart>ly over the i~r~dcrgrour~d mark. 
T h e  top of the concrctc should be smoot,hed with a trowcl and the  frame should 
be left in  placc to protrr t  the  concrct,e until  i t  becomes firmly set,. 

Care must he t a k m  not, t)o disturb the position of t h e  trtblrt in the underground 
mark whcm placing the  Iayrr of sand or dir t  and when pouring the  concrct,r for 
the snrfarc mark. A piccc o f  t h in  board sl~ould hc placed ovrr the lowrr mark or 

other siiitn.hlc nicntis iiscd l o  irisurr 
ngaitist, any 1iorizotit:tl movc:rrieiit, 
of tlic tatilct, diic t.o t,lie impact or 
prtssure of the mat (.rial above. 

SPECIAL CONDITIONS 

ITnder certain conditions spccinl 
inarks will often he rcqriirctl, arid 
i.licse should conform in size anti 
diirabilit,y to the marks dcscribed 
:d iove. 

(1) Sand.-In sand, which if 
i i s r r i  as a mold would spoil t,hc 
concret,e by ahsorbing t8he w a k r  
f rom it, sewer t>ilcs 8 iriclirs in 
diameter a n d  30 inches long map he 
i i s c ~ l ,  set, with the bell end down, 
fillctl nit,li concrete and  with t,lic 
1)n.s~ cnd sct in concrct,e. A FIicrt- 
i ron  mold of the same dinic.rrsiotis 
fillctl with coticrct,c may also I)<: 
iisc:tl. A mctnl tahlct, shoiild t)c 
sct in the ccnt.cr of t,he t80p. 

(2) Marsh.-W1ic:r-c tho siirfarc 
of  t,lic ground is t,oo soft to  hold 
a mark of t,lic usual t,ype, s post, of 
tliiralilc wood slronld he forccd 
clo~vii vcrt,ically RS far as it, will 
go, itas t,op cut, off fliish wit ti t,lic sur- 
face:, and a srwrr tilc at least, f i  
iticlirs i n  tlinriirt,cr rct, int.0 thc! 
marsh aroiind 1 .11~  top of t.he post,. 
‘l’lie t.ilc s l i o ~ i l r l  t hc:n he  fillrti writ,h 
roricrctc arid a tal)lct, srt, in the top. 
\Vhcro t,lic rnarsli is vcry soft, hiit 
(Irics out, at, rvrt,:iin s~::wons of t.lic 
\’car, siiccrssivc t.ilrs can he forrrd 
;~owr i  aroiiti(I t81ic post,, t,iw post, 
f.lic.n can tic u-itlirlrawn and t,hc 
nirit l  worked oiit, froin wit.hiri t,lic 
tilcs, and the  tilrs then fillctl wit,Ii 
n Iiydraulic ccmc~rit, niist,iirc. 

(3) Land suhJect to cultivation.- 
i ! The siil)siirfac:c or lowrr iiinrk 

should be a t:il)lrt i n  a l)lock of con- 
crct,c 10 inchrs square or 10 irichrs 
in diamrtcr and li  iiichrs t,liick, scbt  

with i t s  top  3 f w t  I ~ c ~ l o w  tlic siirfnw. ‘I’lic tipper mark s1ioiiId ] ) e  a tnhlrt s r t  in 
a block o f  concrctc 16 iiiclirs i n  lclast horixont,al cross-scct,ion dimrnsion mid 20 
inclics high, with its top i 2  itichrs below the fiurface of t,he gro~intl. Al)oiit 3 
iirclies of dir t  should he placed l~ctwcen the concrete blocks ha r ing  thc tipper 
and lowrr marks. 

All stjntions so rnarkrd should he rrfcrrnccd hy two or more standard rrfcrcricc 
marks placrd on prop(-rty bonridary linrs, prrfcrahly along a well-cstathlishcd high- 
way or qiiart,cr-ficction line, in a location n.lirrc thcrc is lit~tlc likciilioorl of  tlirir 
bring dist.iit)cti. ‘I‘hc directions to tlic rrfercmrc marks slioiiltl bo srtrh ns t o  givv n 
good angle of intcrscctioti at t h e  station. T h e  refcrcnce marks may be as niiich 
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a s  a half mile from the station, if rircrsswy, proviclc~d t licy can h t  srrii froiii tlic 
stat ioii. l'hc distance to each rrforcmec mark slioiild be carrfrilly rnmsiirrd. 
Otlirr dist:triccs, such as those to tho crritrr of a highway, the corrirr of n biiildiiig, 
or t h e  ccritcr of a, wrll, should be nic.asiirrd if fcasi1)lc. Two or iiiorr such tiicnsiir('- 
nionts will intcrscct so near the  stat,ioti that the coiicrctc block  \vi11 l x  easily 
f o u r i d  with a sninll prodding rod. M'hrn I i i ra,si irci i i r i i t ,s arc riiadr to  1)iiildiiigs 
o r  other objects the directioris miist, also l)c giveii. If riirasrirriIicnts of f,liis kind 
are made t h e  station may itsiially t x  easily rrcoi.rrc,cl, tslioiigli t h r  rt.frrcvicr 
marks may bot I i  be drst,royrd. 
1 tic? rncasiircmciit,s t,o a road shoriltl 
always be t,o the crrit,cr of the ro:itl 
arid riot, to the fence line. A11 dis- 
twces  must, tic cnrcfully mensiircd 
aiitl not estimnt.cd. Care shoiiltl 
1)c t,akcri in placing reference marks 
rtlorig highways, for nrarly a11 
St,at.c.s arc widening t,he 1iiglin.ays. 

REFERENCE MARKS 

I T  

Fhch  rrfcrcnce mark should con- 
sist o f  a nicial tablct, sirriilnr iii 
tristrrinl and shape t,o t,lic st,nt.ioii 
rriark, but bearing an arrow which 
poir1t.s t o  the stai.ion. A rcfrrcricc 
niark should be stampcd wit.11 1 , I i r  
snnic drsignaf,ion as it,s st,nt i o i i  
Irinrli, a n d  where t,licrc is ti iorv 
t?inn otic rrfrrrncc mark t.lic*y 
shoiild he niitnhcrcrt scri:xlly in :t 
clockniso dirrci ion, the niinil)rr 1.0 
be st,;miped lipon cacti onr. I+:rtrIi 
shoiild t)c s r t  i i i it lrr i,lic smir coii- 
rlit,ioris as sprcificd for t,hc st.af ion 
tii:wk, csccpt, t Iiat t,hc coi irr~t  (b 

post i t i  wliich it, is set niay t)r 2 
irirlics smnllcr iii diarnet,cr niid (i 
iriclirs s;hori,vr t Iinn for tlic st,at,ioii 
m a r k .  

Ihch  stfaifion rnnrk milst, Iinve at. 
Iea.st two rrfrrriicc marks. Tf 1 . I i i x  

s h t i o n  mark,  dric t.o siirfacc coiitli- 
t#ioiis, is riit>irvly brnr:itlr the siir- 
farr, t,licrc should I)r tlirrc rrfcrriirc~ 
marks, uiilrss t)lic%rct arc jwrriiniic.iit 
lvitiirrs m a r k s ,  siirh as road cross- 
ir igs, rCc., which will sorvc 1.0 1or:itr 
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DILBY STEEL TOWER FOR TRIANGULATION 19 
rods o r  \\ irc. To avoid cracking of the concrete, due to  rapid drying, it should 
I)v coverc.tl with pajwr or cloth and thcn witli earth or other iiiatcrial for a period 
of at Ieaht 48 horirs. 

AZIMUTH MARK 

A t  stations wlirrr a tall tower is iisctl to  render adjacent stations visible, the 
observing party is instructed t o  mrasiirr tlic dircctioti t o  soiiie ncarby Iwrma- 
iient objwt  wliicli is v i s i lh  from the groiiiid at ttie station, i n  ordcsr that sur- 
vcayors using the station after tlie toww is rcinovrcl may be able t o  ol)taiti ati 
aziitiiith, or dircctiori, as wcll as a gcograpliic position. An a/;imritli mark niii't bv 
c~stat)lished a t  l c ~ ~ s t  )$ mile from tht. station aiid in alocatioii whcre it will be \ i'iblc 
through an iiistriiincwt Iiioutitcd owr  tlic mark on a survryor's ordinary tripod 
Whc*ri an aeirriiit ti mark is c~stahli5ht~d only two additional rc~ference marks are 
ncedctl. (See above ) 

TRAVERSE STATIONS 

Tlie sim and character of  the  mark  at travcvse stations should be the same 
a s  for triangulation stations, exccyt tha t  certain stations may be left withoitt 
perriiaricnt marks whcn several are close together. Tlic following rules 11 ill 
apply to the distributioti of peririaticvit marks on first-ordrr traverse. 

In gcrirral, there should be a pcrniancntly marked station at least every 2 
miles along the travcrsc. A traverse station should always be permatientl> 
marked if eitlirr of the lines kadirig from i t  i s  a mile or more in l~~rigth.  U'hc~n a 
station is riiarhcd in a perriianent matinc'r, one of the adjacent stations must 
Ex pc~rmancntly rnarkcd in order tha t  a line of knowii lrngth aiid dirclction may 
1)c recoverable. Traverse stations which are not insrked permanently should 
br marked by stakrs of sonie durable wood in order that they may be recovrr- 
able for at least a fcw years. 

They should he 
11std wlicn tlie station mark is cntirely beneath the surface of the groutid atid 
1 ticire are no pertrianetit wittirss marks near it  siicli as road crossings, etc. Refw- 
c*tice marks slioiild be set if tlic station is at a railroad crossiiig or junction point 
or if both of the  adjaccwt stations are 4 or 5 niilcs distant. 111 caws whcrv 
rrfrrence marks are required, two should invariably be established for cach 
station. They should be RO located as t o  avoid the probability of both beitig 
distiirhed by the Baine caiisc. Along a railroad track they should iisiially be 
placed in the fcnce lines of the right-of-way, aid on opposite sidcs of the track. 
'l'hey shoiild he SO located as t o  give a good angle of ititersrction at tlie statioii 
or else lie in range with the  station. Traverse stations along a beacli wtiicii 
arc fitibjrct t o  loss by the  erosion of the  shore linc should have two refrrcnct. 
marks placed as far back from the  shore litre as practicable. 

Whcw,vcr a lioriaoiital cotitrol mark is t o  wrve also as a betirli mark i t  s l io i i l r l  
corrcspotid in depth bclow the surface to  the requirements for b ~ n c l i  tiiitrks. 
(See Spoc. Pub. hro. 140, 11. 31.) 

VERTICAL COLLIMATOR 

An instrument c & d  n verticil1 collimntor is used for centrriiig 
IL townr over tlir riitirli of IL pwviorisly ostnblisliotl sttbtion, for plac- 
ing n lririrlr untlcr n ncw tower, or for centwing the thnodolita or 
lmip over the st ation n i d i .  

1 hc! type of collirntLtor sliown in  Figtirr 12 cwiisists of n. right-nnglctl 
tcl(mopc1, tlic objoc*tivr cvi t l  of which is 1 r i o u t i  t c d  vwticnlly i r i  IL brtd<ct 
c d h r  wliic*h i s  supported by n tri1)nwh witli tlirrr lrvc4ing SCI'CWS. 
'L'lw verticil1 clcrncnt of tlic tc.lcscopo c i in  1 ) ~  ro tntcd in  its collitr 
through nn t i n 4 0  of sorncawllnt morc tlinn 270°, w1iic.h pcrrnits tlic cross 
~ i t i i r s  mountcJ on tlic <linplirtigm of tlic. rigIit-tuig1(>(1 c>yepiccci to be 
ncljiistcd to tlic opticnl axis o f  the. tcil(wwpc. A lcvcl bub1)lr is 
11 t tiiclicd norrnnl to thc. vcrticnl c.lcmcwt of tlrc tdcsc-opc arid rcwj1vc.s 
with iC. 7 ' h ~  bribblc nnd 1 1 1 ~  (TOSS hnirs t in '  t vs tcd  t i i i d  n d j i i s t d  in 
the* usunl rnannw. 

l<cf[wnce marks should be established only in special cases. 

r 3  



T h c b  collimiitor is so constriictcd tha t  it mn \)c mounted on nn ortli- 
nary thcvxlolitc tripod. T h o  tripod shoriltl have an atljustnhl(b 1io:id 
which will permit of some horizoritd motion of the instrummt on the 
tripod hcntl to facilitate plumbing t h c x  instrument over or  iintlcr n 
definite point. 

a point on the  grovnd dirrclly brnea th  the hole in  t h r  cop 
platP of the l igh t  sfand s c b t  up the collimator on its tripod npproximntdy 
in its corrwt  location, ntljiist and l(.vcl the collimator, and nttnch tht. 
plumb hob. T3y sighting upwnrd n t  the. holc in the cap plate n closc~ 
ckstimntcl cnn he m:itlc of the distnnw tlit.  tripod must  lw movcd to 
plnw t l i ~  collirnntor tlircbctly hcncvith the holr in the cap plate. A 
picwi of ho:ircI r n r i y  hc plncctl on tlic. ground beneath the plumb bob 

nntl the point for thc n c v  
trial ccntrring of the colli- 
mator mnrlwti on thcl 1,onrtl. 
Thca tripod is thm shiftctl 
: i r i t l  cc.ritrrcd roiighly by t h c a  
pliimt) bob ovor thc n ( w  
trial point and thc instrii- 
rnm t nccurnt ~ l y  lcvclod. 
Usrinlly the final ncljustmcnt 
into t l i ~  vc>rticnl line through 
th(1 I i o l ( ~  in thc. rnp  pliitc 
(*:in now tw rnntlc hy shifting 
t I i  (1 :I ( I j  I I  st :I bl c tripod hr ad. 

A twnrh is now built 
without c1istiirt)ing the colli- 
m:itor, and t l i c ’  cmct  point 
on  t l i ~  bonc*li is tlctc~rminctl 
1)y mwns  of thc p1iimmt.t 
: i t  t nc-licd to tht. collimn tor. 
‘I‘hc. lwnch can bv mntlc by 
tlriving two stnlws about 4 
f w t  aptirt, on(’ on mch  sidc 
: i r i t l  i n  line with tho ccntvr 
51 :11<c. P1:icc :I I- by 4-in(-h 
t)o:rrtl nc’ross thP top of thP 
strikty thcn nail to this 

I)o;irti rinotlivr picw. almrit, 12 it)c-I ic .s  s q u : ~ r ~  tlirwtly ov(’r the c m t w  
5t: ikv .  IIriv(> a n:iil tliroiigli on(’ cwtl  of tlic 1 -  by 4-inch lmnrd into 
t l i ( \  stnlcci a t  t1i:it ~ i i ( I ,  nritl  :itj t l i c h  ot1ic.r cntl drive n nnil riborit 31: inch 
i n to  t l i v  st:ikv. The l s t t w  oi id  c8in t h r n  h movotl to  onc~ sitlc whcw 
ricwssary arid can be rcplxcrcl vxnctly in its original position nt] any 
t irnc.. 
7h w n t w  thP h o l ~  i n  Jhr cop plni? of thr l ight  stand rlirwtly owr t?w 

sfnfion morh wt, u p  the. collimator tlirvctly ovw the mark,  atljiiet nntl 
I ~ v c ~ l  i t .  M o v ~  tlic. cap plrrtc i i r i t i l  tJhc h o l ~  marking the. ccwtclr is 
tliroc.tly in l i r i c i  with thci vc1rtic.d linch of  sight a n d  thcm clamp the pltt.t(. 
to tlic horizontal m ( ~ r n h r s  a t  the> top of t tic oiit~cr toww. 

FICI KF I ?  --Vrrlir 11 i 1l11111~tor 

USE OF THEO1)OLITE IN PLACE OF CO1,LIMATOR 

If n vcrticnl c.ollirn:itor is not; nvnil:il)l(~, th r  writc~ririg can be done 
with n thcwlolit(1 or trrinsit. ‘rhc. instrrimc~nI shnriltl first h piit in nq 
ricv~rly pc’rfwt r i t l j i istmc,r i t  :is possihlt.. ‘I’hc. ot)icc.t ivc. slioultl l w  
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hand in charge of the construction must also be providcd with a truck, 
lamps, hcliotropm, arid othrr equiprnc.n t for tclsting lincs. 

As soon as the obswvations on one or morc of the rear towers are 
finishcd, the c1iic.f of the obsclrving pirrty will notify the. war construc- 
tion subpiirty which tabs tlie towcw down. Usut~lly tho notificution 
will bo miitle through tlie rcur light k w p w ,  by cotlc signals. With 
two obswwrs, one on cacli side of tlic s c l i t ~ n ~ ,  usually two towws 

Tlierc.fore as soon as 
t h  r c w  construction subpierty has t:ilwn down onc tower i t  mow’s 
across the s c h c w ~  to thcl sc~ond towcr and tidi(1s it down also. Them 
ttic, matorial of ~ w l i  coinplotc tower is loatlt~l on orit! of tlrv triiilcr 
trucks anti rnovcd forwiird to tho sitc of a nvw station, whcw o ~ i ~  of ttic 
iitlvriric(~ sulpiirtit~s will recrvct it. Each forwtml subparty cterriw a11 
mtra s c h t  of tiiic.tiors and tis soon ILS it roac1ic.s the site of a ncbw station 
the men dig holcs arid sc.t tlie anchors, so that usually cverything is in 
rmdincss to begin erecting tlir. tower t is soon us it arrives. 

For a doublc observing party ttiwo should ordinarily be 12 towrs,  
8 of which will iisudly bo stimtlirig whilo 2 towcrs a t  the rmr arc 
bving taken down and 2 at thc forward cvid arc bcirig crcctcd a t  
ncw stations. 

Urit1c.r ccrtnin conditions i t  is n snry that thc two ndvience sub- 
purtiw should hnvc one or mora tionid rnm to  assist in digging 
Iiolrs. In loctrlitivs where c’st r : ~  liibor ciin h i  (mploycd tho c1iic.f of 
the construction pLrty c:in go nhcatl, murk out  positions for t h c :  liolcs, 
arid rmploy ttic rwxssnry rncm to dig tho hol(bs t ~ r i t l  Iiavt. thmi rcudy 
for the tmchors w1ic.n tho construction party tirrivos. 

A ptirty orgmizcd as drscribcd in thc. prc ding paragraphs can 
talw clown, I ~ V P ,  ant1 c w c t  an  avcv-iigc. of 30 towcm pchr rnonth if 
t h c a  ohsorving p r t y  is not sc~ioiisly drlaycd by bat1 wcvithcr. 

Cur.(? should tw t t L l w n  in sclccting for tlw builtling pwty mcn spcci- 
ally fittrtl for tfic. work. Men working iiloft stiould bo from 5 fwt 
10 inchcis to 6 fcct  in hc*iglit, stioirltl wcbigh not morc than 170 porinds, 
n n d  should not bv mor(’ t h i n  :L? yc~irs of  n g ~ .  T h ~ y  should bc. o f  t h c a  
iithlvtic typo a n t 1  not givcn to tnlliing while at work, cvccpt whcw 
t h y  h a v ~  somc.ttiing iniportilIlt to siLy. T l i o  t w o  nicm for tho trucks 
uwd in moving thc. towckrs must be c:irc.ful drivws atid good mochanics 
who can kocp tlivir trucks in good ortlw. Tlicy rniist be mcin who 
can find their way through now country iintl wlio will coopcrutc? wilh 
t l i c b  builtling partic’s. Usri:iIly thc: truck tlrivor is at tlic r ( w  wlicbn a 
t o w r  is bcing t d w n  clown iind sliould assist in  th:it work. In roti~r~i,  
tho  forward t i r i d  r(?lr sUbp:LrticiS should assist thc truck thivcxr in 
lowling antl unloatling. I t  is t cwnwork that rntilcc~3 t l i c h  work ~ r i o v ~  
iilong smoothly. \ Y l i c ~ i  wig rnc~rribw of  t~ pwty bwomcis groricliy 
:mi dovs not show a projwr disposition to coopvratr: with othcr 
Incmbors of t h c h  PiLrtY, it is ntlvisa t)k to tlisp1:iw him. 

As it is oftcln ncwssary for thch particis to n i o v ~  a t  night, tach truck 
should bc provitlrd with u gwtl lighting systmi. 

rcady to be talwn down on tlic siirnc day. 

COOPERATION OF THE BUILDING AND OBSERVING PARTIE3 

The  officw in charge of builtling should cimip in sonw l i q v  town 
about 75 rnilrs ahi~iitl of thc: ohwrving pwticls, wlicw l i c k  c i m  visit fiis 
two forward srlhp:rrties antl also bo in touch with his trriclc tlrivws 
who arc htiuling tlic steel towcrs up from the rear. T l w  c\iicf ol‘ 



party, who is with thc main obscrving party most of tho time, can 
t h m  br fimiliar at d l  tiriirs with tho locatiori of tlicl officer in chnrgc 
of building a n d  ciin rctich him by tvlcplionc! or tclcgrnph, in cas0 ob- 
striicttd lincs or o h r  troublvs arc cncounttwd wlwn the stations arc 
occupiotl. On a conibinrd briihting and observing party it is quitv 
~ ~ ( ~ c ( ~ m r y  tltnt tho forcwian or ofiicrr in climgo of all building opmi- 
tioris s1i:ill rc1tur.n ( w h  day to his tmiponrry hcatlqiitwtcm, arid 1ic 
sliould arrnngc for sorncoiw to rcwivv $111 rtic’ssagtls and phonc cnlls 
in  ortl(1r thirt t l iv  chitif of party as well us each of his forckmcm nnd 
t ruck drivrrs J W ~  c*oinmunicutc with him. 

LOCATION OF STATION 

Thc station is oftcn locatcd on or ncxr tbc fcncc lino on tlic sitlc of 
n public highway. Oftm n tt~lvplionc: line is along tlie stinie sidv of 
tlio higliwtt,y. In brtiltling t l i ~  towm t 1 i ~  tc&q?ion(’ wircs cttn ~ S S  
through or dong tlic. sitlc of t l i c a  towvr but thcby should not touch tlrv 
iniitir towvr. If the wires conic Jimr or touch any part of tlio oiitrr 
towvr, n fvw laycm of old iniivr tirv tribe should b(> placrd brtwcwi 
tlic wire. and tho toww. I n  this wily thc? tc~lcpltoric~ wiro cnn bc mntlc 
ftist to the oi1tc.r tower i f  ncccssiiry to prwcnt it from touching the. 
innvr towc>r. The towcrs arc also easily put iip among trees without 
ariy clcciring or cutting of limbs. 

SECURING AUTHORITY TO ESTABLISH STATIONS 

It slid1 be the duty of the officer in chrirgca o f  tlic building to obtain 
tlic pormission of t lw property owiiws bcforo a mark is st.t nntl thr 
towor cwc.trtl. The rc.gulihons sttite tlitit scttlrmcnt rnny bo r n t i c l c l  for 
tlrirri:~g(~s iticurrcd in ciittirig trws or dc\stroyirg crops, provicld a 
writtr>n ngrwment is m d o  with t l i c b  ltiiitlowrrc~r hrforca tho dnnuigo is 
tlouc. It will iisutilly be fount1 to bo tlic ciiso that, if tho piirposc’ of 
thc srrrvcy is cspluiricd to t l i c i  propr ty  OWII(T h ~ f o d i t r i i d ,  pcrtnissiori 
will tw g-nmtcd nncl no d:iiiitig:cw will br clnirnrvl. If di~mngt~s tire 
clilimcd, tlio amount iniist bo d(~t(~rrriin(d twforcliantl on n basis of 
t l ie v:ilrlc por : i c r ~  of t~ctii:il tltiningSc~s to crops or tlie unit vnliic of in- 
j uricw to trrcs. If crops tire dimi:ig(~(l, tlic tirvii involved should be 
nitvisurcd and the. diirntig(>s coinputcd, iising tlic valiic. pvr acrr ngrccd 
i i p o i i .  IJsrinlly tlic nrnoriiit is so sinall that  tlic propcirty owncr docs 
not insist on pnynicaiit. If trws are cut i t  is vvry oswntinl t l i t i t  tho 
arrioiint of tlnnitqys hc ngrocd upon boforc~lrtirrd. Uiitlcr rio condition 
slioulti n sttition lw wttihlislid without iritcn+wing tlic? propcrty 
owrivr rind iirriviiig tit n btisis of scttlcmcwt. Mricli trouble lias been 
causcd in tlic past hy citrdcssii(w in this rwpoct. 

T l i ~  c1iic.f of party sltoitld iiistriict till cvnplopws that, i f  nny prop- 
crtg owiivr t1isaissc.s tlicl ntcittcir of diirntips, tlicy should tcll liirri that 
nctuel dnmiigvs only can be p:Lid. m i t t  that pnyiticmt cnn only bo inntlc 
i n  t l io  cvcnt of  n prior tigrwiiioiit,. 

EQUIPMENT FOR BUILDING PARTY 

Tlic following i:; n list o f  iirticles required for tho  different iiriits of 
tlw ptirty. 
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Outfit for forward building subparty o f f o u r  men 

Hoard, scaffold, 2 by 10 iiiclics by 

Board\, scaffold, hpc,cial triangii- 
12fcet - . _._ 

5 
1 

1 

3 
1 
1 
2 
‘3 
1 
2 
I 
I 
1 
4 

1 
1 
6 
1 
2 
1 
1 
1 
3 
1 
1 

1 

fcrt - -. 

Boards, scafl’old, s1)cacial trimigii- 

(‘01,s . . .~ 

Dim, starnl)irig, set of Irf,l(~rs arid 

.5 
1 

I 

3 
1 
2 
1 
1 
2 
1 

1 
2 
I 
1 
1 
1 
:? 

1 

i 

1 
3 
3 
1 

4 
1 
2 
1 
3 
2 
2 
1 

1 
1 
1 
1 
1 
4 
1 
1 
1 
2 
1 

Oiifjit Jor mar rlismrrrdling subparty of four men 

4 

1 
1 
3 

1 
2 
1 
3 
2 
1 

1 
1 
4 
1 
1 



aThis truck drivcr is rithor on the road or with thl. forward or roar Iiuilding parti(\s, and thcrokrre he does 
not  110ed a camp outfit otlior than as ~iicntkrriod iii this list. 

TRUCK FOR TRANSPORTING TOWERS 

I+gure 13 shows tho typo of trnilcr truck used for transporting the 
s t d  towers. Tlio truck litis ciipwity of 1 )/z toris. Tlio trailor is 
two-whceled and is capuble of transporting uiitlcr adverse rond contfi- 
lions a load of 3 tons in utltlitioii t o  tlic body wciglit. The  frairrie of the 
trailor is of steel construction, arid is attuclictl t o  tlie truck chassis so 
as to permit the rear wlieels of the truck to pass untlcr the frnriio of 
the tr:iiler. The body of the trailer is 16 feet long ui i t l  5 foct wide, 
both iiisitle diniensions. Briilics arc providctl for both the truck ti i it l  
trailer actuatcd with one operation of tlie foot pedal i i i  the driver’s 
ah. Tho trailer triiclc coiistitutcs tlie most importtirit tninsporta- 
tion unit on tlio triungiilntioii party, a i i d  i t  is esserititd tlint it be con- 
st rurtctl of tho bcst of niatcrids i ~ r i t l  with tho best of worhmuriship. 



EIC~I-RE 13.-One-nnd-oue-!in!f-tou trailer truck used in  tramiwrting to\rcrs 



PUBLICATION NOTICES 

To make immediately available the  results of its various activities t o  those 
interested, the Coast and Geodetic Survey maintains niailing lists of persons and 
firiris desiring t o  rccei\.e notice of the issuance of charts, Coast I’ilot, maps, 
aiid other publications. 

Should you desire to  reccivc such notices, you may use thc  form given below, 
checking the lists covering the subjects ill which you arc interested. 

(Date) ___-_..__-_____-_ -- - - - -  
DIRECTOR, U. S. COAST AND GEODETIC SURVEY, 

DEAR Sin: I desire that  my name bc plnccd on tlic mailing lists indicated by 
check below, t o  rcceive notification of the  issuance of publications rcferrine to  the 
subjects indicutcd: 

ll‘ushinglon, I). C. 

0 109. Astronomical work. 
0 109-A. I3ase lirics. 
13 109-B. Coast Pilots. 

109-C. Currcnts. 
0 109-D. Geodcsy. 
0 109-E. Gravity. 
0 109-F. Hydrography. 
n 109-G. Leveling. 
0 109-13. Nautical charts. 

109-1. Oceanography 
109-J. I’raverfic. 

0 109-I<. Seismology. 
0 1W-1,. Terrcstriirl magnetism. 

109-M. Tides. \ 

l o s s .  Topography. 
0 109-0. ‘l’rialigulation. 

109-P. Cartography. 
0 109-11. Airway ~riaps. 

(If nine) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 
(Addrcss) _.______________________________________--. 

- __ - 
A catalog of the  pul)lications issued by trll liiireaiis of thc  l~r l inr tmcnt  of Com- 

inercc ilia be Iiad upon rtpplication t o  the Chief, llivision o f  Publications, Depart- 
rncnt of dmrrierce, \+rasliiiigtoii, I). C. It also contaiiis a liht of libraries loeatwi 
i n  various cities throughout t h e  Unitcd Stntcs, designated by Congrcss as public 
depositories, where sclcctcd publications prillted by the Govcrllnlelit for public 
distribution may be consulted. 

27 
0 


